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1. Introduction

At the Guadeloupe “2nd World Summit on: Exploring the Dark Side of the &hsi®” 2018
were presented several experiments that measure combinations ¢ditear@smological param-
eters. The problem is how to extract the cosmological parameters from itiegsurements (that
show mild tensions). The precise measurements of fluctuations of the Cosnnimaeie Back-
ground (CMB) temperature across almost the entire sky by the Planckirmeme allows inde-
pendent and precise determinations of the base set of six cosmologealgtars[]1] under these
assumptions: (i) space is flat, i.e. curvat@g= 0, (ii) the dark energy density is constant, i.e.
Qge(@) = Qa is independent of the expansion paramatemnd (iii) neutrino masses are negligible.
At the Guadeloupe meeting | presented measurements of Baryon Acousiliat@s (BAO) dis-
tances used as amcalibratedstandard ruler that address (i) and (ii), and aslibratedstandard
ruler that constrains a combination pfm,, h, and Qph?. (We use the standard notation of the
Review of Particle Physics, PDG 2018 [2]}.my is the sum of masses of three active neutrino
eigenstates assumed to be nearly degeneratg, mg.~ 3m,. In the following, | will comment on
these measurements, and on some minor tensions discussed at the Geaadheetipg. Neutrino
masses measured with the Sachs-Wolfe effagtand the galaxy power spectrd?ga|(k) are dis-
cussed in a separate contribution to this conference. For details | referatier to the Guadeloupe
talks [3], and to the publication§][4]][5][][6], and references therein

2. BAO asan uncalibrated standard ruler

From the acoustic sound horizon an@jgc accurately measured by the Planck experiment,
and 18 galaxy BAO distance measurements with Sloan Digital Sky Survey BB3S galaxies in
the red shift range 0.1 to 0.7, we obtady, Qde(a) +2.2Qy, and the adimensional standard ruler
lengthdgp = rsHo/c, whererg =, is the comoving size of the sound horiz¢h [4]. The results
are presented in Tabfe P.1 for several scenarios. Notexhit consistent with zero, andyg(a)
is consistent with being independent of the expansion pararaetdpte also that the constraint
on Qg becomes tighter i j4(a) is assumed constant, and that the constrairegg(a) becomes
tighter if Qy is assumed zero. From now on, we assume@hgf(a) = Q, is constant, an@y = 0.
With these assumptions we obtain from Tdlle 1

Qa =0.719£0.003 dgao = 0.0340+0.0002 Qn=0.281+0.003 (2.1)

All uncertainties are at 68% confidence with the listed assumptions. Thadésrare robust be-
cause they are independent of any other cosmological parameter {jicufaarare independent

of h, and are independent §fm, at the present level of accuracy), and depend on theory only
through the Friedmann equation (which defifgs Qa, andQp,). The main difficulty with these

BAO measurements is the low significance of the BAO signals due to cosmoldigictaiations,

so that many redundant measurements were made as emphasized in thieeaiddk. In par-
ticular, we measure separatefy for galaxy pairs approximately along the line of sig&&, for
galaxy pairs approximately transverse to the line of sight,Wr galaxy pairs at an angle to

the line of sight [#]. Measuring thedependenBAO lengthsd,, da, andd), allows a consistency
checkQ = d,/(d357d%4%) = 1, and also provides a direct measurement of the uncertainties. See
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Scenario 1 Scenario 1 Scenario 4 Scenario 4
Qx 0 fixed Q0024 0.007 0 fixed —0.0154+0.030
Qget22Qk | 0.7194+0.003 0718+0.004 (0718+0.004 Q717+0.004
Wy n.a. n.a. ®M6+£0.15 037+0.61
100dg a0 3.404+0.02 339+0.02 339+£0.03 337+£0.05
Xx?/d.f. 11.2/17 112/16 111/16 108/15

Table 1. Cosmological parameters obtained from 18 galaxy BAO measents with SDSS DR13 galax-
ies plus6yc = 0.0104104+ 0.000005 from the Planck experiment in several scenaﬂos [Hrrections
for peculiar motions have been applied. Scenario 1 @gg(a) constant. Scenario 4 h&3yg(a) =
Qgell+wi(1-a).

Figure[]. Simulations show][7] that an initial point-like peak in the density,lt®suconcentric
shells of overdensity of radius 148 Mpc andx 18 Mpc. The observed BAO signal extends from
~ (148— 11) MpcHp/c ~ 0.0314 to~ (148+ 11) MpcHo/c ~ 0.0365 as shown in Figufé 1. The
only (relatively small) correction applied is for peculiar motions.
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Figure 1: Fits to histograms of galaxy-galaxy distaneksn units ofc/Hp, that obtain the BAO distances
dq, d,, andd,, and distribution of the consistency paramege d, /(d3°0d>44) = 1.

3. A comment on ddrag and d,

From the 18 galaxy BAO distance measurements alone, i.e. without the sotimdrhangle
6\vc. we obtain the length of the standard ruler in unitedflo: dgrag= rgragHo/c = 0.0339+
0.0002, andy, = 0.284+0.014, see Table 4 of|[4]. Adding 2 Lyman-alpha measurements obtains
ddrag: 0.0340+ 0.0002 andQ,,, = 0.278+0.011. The comoving size of the sound horizon is
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This analysis PDG 2018
Qx 0.002+0.007 | —0.005"95%8
Qn 0.719+0.003 | 0.692+0.012
Qm 0.281+0.003 | 0.308+0.012
dgaO 0.0340-£ 0.0002
h+0.0255 3 my/eV | 0.6970+ 0.0054
h 0.691+0.012 | 0.67840.009

Table2: Comparison of this analysi§jyc +BAO) [f], B] with PDG 2018[[R] (mostly CMB from the Planck
Collaboration (2015)BAO). Qqg(a) = Qa is assumed constant. Curvatddg is assumed zero, except in
first row. The first 4 rows of this analysis are from uncalibthBAO (including6y,c), while the last two
are from calibrated BAO witlz, = 10899+ 0.4.

r.. We obtaind, = r.Ho/c= B¢ X(Qm.z.) = (0.03402+ 0.00002) - (0.28/Qm)%* with B¢ =
0.0104104+ 0.000005 measured by the Planck experimgniQm, z.)c/Ho is the angular diameter
distance at decoupling. Fd@, = 0.281+ 0.003 we obtainr.Hp/c = 0.03397+ 0.00016. We
conclude that theneasured (gragandr* are equal within the quoted uncertainties. For this reason
we(%ve setgrag= "'+ anddgrag= d. = dgpp- Any uncertainty due tog a7 r. is notincluded

in ).

4. BAO asa calibrated standard ruler

The calibrated standard ruler lengthis obtained by integrating the photon-electron-baryon
plasma sound speed from primordial time until decouplirgy at 10899+ 0.4 [g]. Fromdgpo =
r.Ho/c=0.0340+0.0002 we obtain a constraint on a combinatiory f,, h andQph?. Reference
1]} takeszgyag= 2. = 10899+ 0.4 and obtains

z my = 0.711—-0.335- 6h+ 0.050:- 8b+0.063 eV, 4.1)

andQpn, = 0.282+0.003, wheredh = (h—0.678)/0.009, anddb = (Qyh? — 0.02226 /0.00023.
Alternatively, fromr.Ho/c = 6yyc X (Qm, 2.) we obtain

Q%3Z(h+ 0_02552 my,/eV) - (Qth)—OlQ = 0.9551+ 0.0006 (4.2)

FromQp, = 0.281-+0.003 andQph? = 0.0225+ 0.0008 at 68% confidence from Big Bang Nuleosyn-
thesis [B], and allowing @6 < y m, < 0.68 eV [], we obtain from[(4]1) o (4.2):

+0. -Y my,/eV=0. ) an =0.691+0. .
h+0.0255 V = 0.6970+ 0.0054 d h=0.6914+-0.012 (4.3)

5. Conclusions

The cosmological parameters obtained in this analysis are comparejwithrggle{?2. Con-
straints on neutrino masses are presented in the companion talk and articlseirptbeeedings

(A
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